Prostate cancer is a common malignancy in men, and inevitably some patients experience biochemical recurrence after radical prostatectomy. To date, there are no reliable predictors for prostate cancer recurrence, and novel predictors are urgently needed. PCDH10 (protocadherin-10) is a novel tumor suppressor gene, which is down-regulated by promoter methylation in prostate cancer. The aim of this study was to evaluate the feasibility of using PCDH10 methylation to predict the biochemical recurrence (BCR) of prostate cancer after radical prostatectomy.
Background
Prostate cancer is one of the most common malignancies in men and the second leading cause of cancer-related death in the United States, with an estimated 233 000 new cases and 29 480 deaths in 2014 [1] . For patients with localized disease, radical prostatectomy is the criterion standard treatment, including laparoscopic, robotic and open retropubic approaches [2] . Despite recent advances in the treatment of localized prostate cancer, some men will experience a recurrence of disease, typically detected by a rise in serum PSA level [3] . The use of PSA screening has lead to the early detection of clinical localized prostate cancer, but to date there are no reliable predictors of prostate cancer recurrence [4] . Accurate prediction of tumor recurrence after radical prostatectomy remains an important problem. The ability to predict disease recurrence at diagnosis is essential to improve therapeutic strategies. Thus, accurate predictive biomarkers are needed.
Prostate cancer is one of the most complicated human malignancies, and the initiation and progression of the disease is associated with genetic and epigenetic alterations [5] . DNA methylation, the most common and best-characterized epigenetic change in human tumors, is an enzyme-induced chemical modification that principally concerns the cytosine molecule, on which a methyl residue is transferred at the 5' position. This modification mainly occurs in cytosine-guanine dinucleotide-rich areas, known as CpG islands, in the gene promoter regions. DNA methylation of the promoter regions is a major mechanism of inactivation of tumor suppressor genes and can act as a substitute to gene deletion or mutation. The methylation of promoter CPG islands of tumor suppressor genes has been identified in human cancers, including prostate cancer [5] . Aberrant promoter methylation and the associated downregulation of gene expression are believed to play crucial roles in tumor development and progression [6] . Because aberrant promoter methylation of candidate genes can be measured in tumor tissue or body fluids, this may identify novel biomarkers for early diagnosis or prognosis [7] . In recent years, the association of PCDH10 with human malignancies has been proposed. PCDH10 is a member of the cadherin superfamily. Recent studies have demonstrated that PCDH10 is a putative tumor suppressor gene in several human cancer types, including lymphoid malignancies, colorectal cancer, lung cancer, bladder cancer, and prostate cancer. The down-regulation of PCDH10 expression promotes tumor cell proliferation, migration and invasion [8] [9] [10] [11] [12] [13] [14] . Moreover, a recent study demonstrated that PCDH10 is down-regulated in prostate cancer mainly due to promoter methylation, but PCDH10 methylation is not found in normal prostate tissues [14] . These findings led us to investigate the role of PCDH10 methylation in predicting the biochemical recurrence of prostate cancer after radical prostatectomy.
To date, there has been no investigation of the association between PCDH10 methylation and prostate cancer recurrence. In the current study, we investigated the methylation status of PCDH10 in prostate cancer tissues by MSP, and associated our findings with clinicopathological features known to be important for the recurrence of prostate cancer and BCR-free survival of prostate cancer patients after radical prostatectomy.
Material and Methods

Patients and tissue samples
A total of 151 tumor samples were obtained from patients who had been diagnosed pathologically between 2003 and 2006 during open retropubic radical prostatectomy at the Third Hospital of Hebei Medical University. These tissue samples were reviewed on HE-stained tissue sections to confirm diagnosis and tumor content of at least 70% of tumor cells in the tissue samples. The criteria for the enrollment of prostate cancer cases (age range 55-88 years, median 69 years) were histopathologic diagnosis of prostate cancer for the first time, no history of other malignancies, did not receive any anti-cancer therapy, and availability of follow-up information. Patients who received adjuvant or neoadjuvant chemotherapy or hormonal or radiation treatment before tumor recurrence were excluded. The Gleason score were determined by 2 senior pathologists who were experienced in the diagnosis of prostate cancer; they looked at the samples and then discussed the cases. The detailed clinical features of prostate cancer patients are shown in Table 1 . The end-point of this trial was the 5-year rate of biochemical recurrence and the time to recurrence for those in whom cancer recurred. BCR-free survival was defined as from the date of surgery to the date of recurrence, and we defined biochemical recurrence after radical prostatectomy as serum PSA >0.2 ng/ml at any stage of postoperative follow-up, as reported previously [2] . Normal prostate tissues were collected as control from 34 patients (age range 52-87 years, median 68 years) with benign prostatic hyperplasia (BPH) during transurethral resection of prostate; these tissues were examined pathologically to exclude the possibility of incidental tumors. The controls were matched with prostate cancer patients by age. All tissue samples were immediately snap-frozen in liquid nitrogen and stored at -80°C for DNA extraction. Written informed consent was obtained from all the patients, and this study was approved by the Ethics Committee of the Third Hospital of Hebei Medical University (No. HMU20030079). All of the tissue samples were handled and made anonymous according to legal and ethics standards.
Methylation-specific PCR (MSP)
The MSP was performed as in our previous study; genomic DNA was extracted using DNeasy Tissue Kit (Qiagen, Valencia, CA, USA) following the manufacturer's instruction. The extracted DNA was treated with bisulfite before MSP using EpiTect Bisulfite Kit (Qiagen) according to the manufacturer's instruction [13] . The following PCDH10 MSP primers were used: methylated: forward 5'-TCGTTAAATAGATACGTTACGC-3', and reverse 5'-TAAAAACTAAAAACT TTCCGCG-3'; unmethylated: forward 5'-GTTGTTAAATAGATATGTTATGT-3', and reverse 5'-CTA AAA ACTAAA AACTTTCCACA-3' (12). In vitro methylated DNA and unmethylated DNA (New England Biolabs, Beverly, MA, USA) were used as methylation and non-methylation positive control. The PCR products were separated in 2% agarose gel, stained with ethidium bromide and visualized under ultraviolet illumination. Samples were scored as methylation-positive when methylated alleles were visualized as bands in the methylated DNA lane or both in methylated and unmethylated DNA lanes, and scored as methylation-negative when bands were seen only in the unmethylated DNA lane [12] .
Statistical analysis
Statistical analysis was performed using SAS version 8.0 (SAS Institute, Cary, NC, USA). The data was analyzed systematically.
Fisher's exact test was used to assess the difference of PCDH10 methylation between prostate cancer patients and controls. Chi-square test or Fisher's exact test was used to assess the relationship between PCDH10 methylation and clinical features. Kaplan-Meier survival analysis and log-rank test were used to assess the difference in BCR-free survival between patients with PCDH10 methylated and unmethylated. Univariate and multivariate Cox proportional hazard model analysis was used to assess the prognostic effect of PCDH10 methylation. A two-sided p value <0.05 was considered statistically significant.
Results
A total of 151 prostate cancer patients and 34 patients with BPH were included in this study. MSP was used to detect the methylation status of PCDH10 in prostate cancer tissues and controls. The promoter methylation of PCDH10 was detected in 79 (52.3%) patients with prostate cancer, but no methylation was found in patients with BPH, and the difference was statistically significant (P<0.0001). The representative MSP results are shown in Figure 1 . Subsequently, we investigated the 
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association between PCDH10 methylation and clinicopathological features, in prostate cancer patients only, and the results are shown in Table 1 . We found that PCDH10 methylation was significantly associated with the higher preoperative PSA level (P<0.0001), higher Gleason Score (P<0.0001), advanced clinical stage (P=0.0002), lymph node metastasis (P=0.0389), angiolymphatic invasion (P=0.0303), and biochemical recurrence (P=0.0068). Moreover, PCDH10 methylation was associated with poor BCR-free survival (P<0.0001), and could be used as an independent predictor of BCR-free survival (P=0.0046). However, the methylation of PCDH10 was not associated with age, surgical margin status, or seminal vesicle invasion.
To investigate the prognostic value of PCDH10 promoter methylation in prostate cancer, we assessed the association between PCDH10 methylation and BCR-free survival using
Kaplan-Meier survival analysis and log-rank test. We found that patients with PCDH10 methylated had shorter BCR-free survival than prostate cancer patients with PCDH10 unmethylated (P<0.0001) (Figure 2 ). To determine whether PCDH10 methylation has independent prognostic value, univariate and multivariate analysis was performed. The detailed findings are shown in Table 2 . The results suggest that PCDH10 methylation is inversely associated with BCR-free survival independently (P=0.0046). In addition, the clinical stage (P=0.0315) and Gleason score (P=0.0132) was also independently associated with BCR-free survival of patients with prostate cancer after radical prostatectomy. Table 2 . Prognostic value of PCDH10 methylation for the BCR-free survival in univariate and multivariate analysis.
HR -hazard ratio.
Discussion
Prostate cancer is a common malignancy in men in the Western world, and the incidence is gradually increasing in Asian countries [15] . Currently, radical prostatectomy is used as potential curative therapy in patients with clinically localized disease. Unfortunately, some men inevitably will experience biochemical recurrence after surgery [16] . Now, a combination of clinical and pathological parameters -especially Gleason score, preoperative PSA, and staging -is used to predicate the recurrence of the disease in general, but the prediction is insufficiently accurate for use with individual patients [17] despite a report by Bryniarski suggesting that preoperative PSA mass is a better predictor of biochemical recurrence after radical prostatectomy than PSA concentration [18] . Given this background, there is an urgent need for biomarkers to predict the recurrence of disease after surgery, and thereby to identify patients at high risk for recurrence, and then determining which patients need early adjuvant therapy after radical prostatectomy.
Aberrant DNA methylation is a characteristic of prostate cancer, and plays an important role in tumor initiation and progression [19] . Although the exact mechanism by which these epigenetic alterations arise in prostate cancer is unknown, this alteration occurs frequently and may be an attractive potential biomarker for prostate cancer [20] [21] [22] [23] . To aid in prostate cancer decision-making, biomarkers are needed to distinguish patients with aggressive tumors from patients with clinically insignificant tumors [24, 25] . In recent years, some DNA methylation biomarkers have been investigated, such as APC, RASSF1, GSTP1, and PITX2. Especially, the promoter methylation of PITX2 gene is a potential predictor of biochemical recurrence in prostate cancer patients after radical prostatectomy. However, these findings need to be confirmed by future studies, and new biomarkers are needed [26] . In the current study, using MSP, we investigated the methylation status of PCDH10 in prostate cancer tissues and normal prostate tissues and found that PCDH10 methylation occurred frequently in prostate cancer, but the methylation of PCDH10 was not detected in normal prostate tissues. Our findings are in accordance with previous studies on the methylation status of PCDH10 in other genitourinary tumors [12, 13] . These findings indicate that PCDH10 methylation may be a useful biomarker in prostate cancer.
To evaluate the prognostic value of PCDH10 methylation for biochemical recurrence of prostate cancer, we analyzed the association between PCDH10 methylation and traditional clinicopathological characteristics in prostate cancer. We observed that PCDH10 methylation was significantly associated with a higher level of preoperative PAS, higher Gleason score, advanced clinical stage, lymph node metastasis, angiolymphatic invasion, and biochemical recurrence. These factors are commonly considered to be associated with malignant behaviors and poor outcomes of prostate cancer [27] [28] [29] [30] . Our results indicate that PCDH10 methylation in tumor specimens may add significant prognostic value to currently used routine predictors. To further clarify the relationship between PCDH10 methylation and biochemical recurrence, we performed Kaplan-Meier survival analysis and log-rank testing. Interestingly, the BCR-free survival of patients with PCDH10 methylated was significantly shorter than that of patients with PCDH10 unmethylated. Moreover, multivariate analysis demonstrated that PCDH10 methylation independently predicts biochemical recurrence in patients with prostate cancer after radical prostatectomy. Overall, the findings of our study suggest that PCDH10 is an independent predictor of biochemical recurrence after radical prostatectomy. Detection of PCDH10 methylation in tumor samples after surgery may help identify patients with high risk of biochemical recurrence. Additional early-stage radiotherapy, chemotherapy, or anti-androgen therapy may be needed to save more lives. Although, future studies are needed before clinical implementation, PCDH10 methylation may add significant value to existing models in predicting the biochemical recurrence of prostate cancer.
Conclusions
Our data indicate that PCDH10 methylation in prostate cancer tissues is a frequent event, and is associated with higher preoperative PAS level, Gleason score, advanced clinical stage, lymph node metastasis, angiolymphatic invasion, and biochemical recurrence. Moreover, PCDH10 methylation independently predicts worse BCR-free survival in patients with prostate cancer after radical prostatectomy
